INTRODUCTION
The structures of the caudal IKXUOS'CCI'Ctory systems of fish have long been known and, indeed, their neurons were the first suggested t.o be secretory in function (Spcidel, 1919 (Spcidel, , 1922 . However, little attention was paid to these interesting systems until the recent studies of Enami (1959) whose work has resulted in a revival of interest in problems both of structure and function. The anatomical relations in the various groups are reviewed in this journal by Bern and Takasugi (1962) . The present investigations were undertaken in the hope that the caudal neurosecretory systems would provide insight into the role of electrical activity in neurosecretion.
Also, any electrophysiological specializations associated with secretory function would be of general interest,. Without reviewing these questions in detail it may be noted that many workers, starting with Speidel (1919) ) have anatomically demonstrated an electrically induced depletion of neurosecretory material. More recently Harris (1947) and now Cooke (1962) found release of hormones into blood or perfusion fluid following electrical stimulation. Potter and Loewenstein (1955) showed propagated action potentials in a neurosecretory tract, and Cross and Green (1959) recorded activity of presumed neurosecretory cells on physiological stimulation. However, in each of these instances neurons other than specifically neurosccretory ones may have been responsible for the observed sensitivity to electrical stimulation or for the recorded electrical activity (cf. Bern, 1962) . Probably the first definite demonstration of electrical activity in ncurosecretory cells was reported by Morita et al. (1961) in a note that appeared while this study was in progress. In the caudal neurosecret,ory cells of the eel, Angdla japonica, these workers found spike responses and synaptic activation with very nearly the same properties as are reported here for the skate.
Two criteria may be set up to establish a causative role of electrical activity in neurosecretion. Firstly, the neurosecretory cells should become electrically active when the animal is stimulated physiologically to ticCrete the neurohormone.
Secondly The caudal neurosecretory cells in the skate lie in the posterior spinal cord, clustering at the level of the rostra1 margin of the dorsal fin and extending caudally to near the end of the cord and several fin lengths rostrally (Speidel, 1919) . They are interspersed among the motoneurons and interneurons, and have at most short unmyelinated axons which descend t.o the ventromedial part of the cord. Their cell bodies were 50 to 100 ,U in diameter in the animals used in this study, considerably larger than the adjacent~ neurons, but not the extraordinarily large size reported by Speidel. They are not visible externally owing to the high refractivity of the myelinated fibers in the surrounding nerve tissue, and identification of recordings from them was by inference from electrophysiological data. Three types of intracellular recordings were found. The first was similar to that which has been recorded from other cell bodies in the vertebrate central nervous system and the second to that from myelinated fibers (cf. Eccles, 1957; Frank and Fuortes, 1955) . The third was distinctively different and presumably came from the neurosecretory cells. The first two will be described in some detail in order to emphasize their differentiation from the responses of the neurosecrctory cells. This data is also useful for comparison to that from the neurosecretory cells of the fluke which for anatomical reasons had a number of electrophysiological similarities.
Responses of Ordinary

Neuron
Somata.
The responses in nonneurosccretory cell bodies were distinguished from those of fibers mainly by the occurrence of postsynaptic potentials (p.s.p.'s). Most cell bodies encountered were probably of motoneurons, but the method of stimulation of the cord surface rather than of ventral roots 01 peripheral nerve did not allow positive identification. With respect to a motoneuron, cord stimulation with caudally placed electrodes could produce a mixed volley containing both antidromic and synaptic components. A rost'ral stimulus could involve only synaptic activation. The mixed stimulating effect of a caud:J stimulus on a presumed motoneuron is shown in Fig. 1 (Eccles, 1957; Grundfest, 1959) . On increasing the strength of stimuli of opposite polarity, the threshold for an antidromic response was reached before a p.s.p. was evoked that was large enough to initiate a spike (D). In other experiments using both rostra1 and caudal stimulation, cells of this type were found to respond only synaptically to rostra1 stimulation (cf. Fig. 3A ).
The antidromic spikes had marked inflect'ions on their rising phases and by stimulating in the relative refractory period (Fig. 2) or during hyperpolarization applied through the recording electrode, the spikes could be separated into two components at this point. The first. component can be ascribed to activity of the initial segment of the axon and the second to that of the soma-dendrite membrane (cf. Eccles, 1957; Fuortes et al.? 1957) and failure of invasion of the .?oma being due to a reduction in safety factor for propagat,ion at the axon hillock region. The reduced safety factor would probably have been not only a result of enlargement of the membrane, but also of increased tl~reel~olcl in the soma. This property is indicated since synapt,ically evoked spikes also had inflections on their rising phases (Fig. 1B) . Apparently impulses arose in the initial segment region, which would thus have to have been of lower threshold, and propagated back into the soma as well as out the axon. This pattern of impulse initiation has been demonstrated in cat motoneurons (Fuortes et nl., 1957; Coombe et al., 1957) and probably also occurs in those of the toad (Araki and Otsni, 1955) and of the puffer (Bennett, unpublished Frank and Fuortes, 1955) . Alternatively, spikes could be evoked directly, i.e., with short and constant lat'ency, by stimulation on either side of the recording electrode. The second criterion might also be satisfied by responses in the soma of a bipolar neuron, but cells of this kind probably did not, occur in the spinal cord. A fiber having the first property is shown in Fig. 3 although there was some overlap in duration. In fibers apparently in good condition the rising phase was somewhat faster t.han the falling phase and usually had little sign of an inflection. Spikes in more deteriorated fibers, however, could have marked inflections ( Fig. 41 , and even in the best fibel3 hyperpolarization or refractoriness might produce fractionation into two components which could resemble t,hose recorded in cell bodies. When hyperpolarization caused the second component to fail, propagation along the fiber was blocked (Figs. 4B, 4D) _ The two components were probably clue to successive nodes of Ranvier, as has been directly demonstrated in peripheral fibers (Tasaki, 1952 ). An additional inflection was sometimes seen in fiber responses as near the peak of the spike in Fig. 4D . This complication was probably due to activity of another node farther along the fiber.
Respomes of Newosecre tory Cells. The spike responses ascribable to the neurosecretory cells were different in a number of respects. Most obviously they were 4 to 10 msec in duration, significantly longer than the other responses, and they were usually followed by a large and long-lasting undershoot of the resting potential ( Fig.  5A ).
Spikes evoked in the neurosecretory cells by intracellularly applied depolarizing currents were of shorter latency with stronger stimuli (Fig. 5B) . Following a brief threshold pulse the latency could be very long with the membrane potential hovering more or less constant for some time before eit'her slowly rising to produce a spike or slowly falling back to the resting level (C, DI, The magnitude of the undershoot was prohably partly due to depolarization from in-,jury of the cell by the microelectrode. since most of the cells were rhythmically active when initially penetrated, but often ceased this firing with no diminut,ion in the height of an evoked spike.
As well as in spike duration and undershoot the neurosecretory cells were distinct in their response to external stimulation. Directly evoked spikes could be obtained only with nearby stimulation and, moreover, appeared to be initiated in the cell body rather than in the axon. Typical estcrnally evoked responses are shown in Fig. 6A . Very long latency spikes occurred with threshold stimulation, but rather than arising from the baseline they were initiated by a depolarization which was continuous with the stimulus artifact. The spikes arose from the same level of depolarization as required for intracellular stimulation (C). These properties were not c El- affected by reversing the polarity of the external stimulus (B). Unlike antidromic responses there were no inflections on t.he rising phase.
The neurosecretory cells could also be activated synaptically as shown in Fig. 7 . The presynaptic pathway was of high threshold and probably also had a low conduction velocity since even with relatively nearby stimulation the p.s.p.'s had a long latency. The recording in B had a large component of subthreshold response, since a small hyperpolarization greatly reduced the amplitude (C), and the remaining potential had an early peak. body attached to the ventral side of the cord. This body, the urohypophysis, occupies a small cavity in the last vertebrum (cf. Bern and Takasugi, 1962) . In the animals used in this study the cell bodies were 30 to 50 ,LI in diameter and their axons up to 3 ,.L In sectioned preparations there was a marked differentiation where the axons entered the urohypophysis.
In viva the urohypophysis was, except for scattered pigment cells, opaque white, presumably because of accumulation of neurosecretory product. In the caudal portion the spinal cord was relatively transparent, rnyelinated fibers being rare, and the neurosecretory cell bodies could be seen within it. However, microelectrode tips were not as readily visible and could not be localized to within the dimensions of a cell body. 
Neurosecreto~y
Tract Responses. When stimuli were given through electrodes placed over the urohypophysis and the spinal cord a few millimeters away was penetrated by a microelectrode, an initially positive triphasic response was recorded throughout the cord (Fig. 8A) . A similar potential was recorded when stimulation was rostra1 to the electrode (Figs. 8B, 8C ). These responses were localized to the posterior of the cord and were graded with stimulus strength. They represented chiefly summation of conducted action potentials in axons of the neurosecretory tract. The conduction velocity was about 1 m/see in this experiment (dotted line in Fig. 8'1 but was often somewhat slower. When the electrode was inside a cell, the tract response could still be recorded, and the cell's sct,ivity appeared superimposed upon it.
Respon.ses in the Neurosecretory Bodies. Spike responses were recorded from cell bodies which on anatomical grounds could only have been those of the neurosecretory cells. As with ordinary neurons in the skate, cell body responses were identified by the occurrence of graded p.s.p.'s which could usually be made adequate to initiate a spike (Fig. 9A) . The cell bodies also gave typical antidromic spikes in response to stimuli caudal to the recording site, An antidromic spike was usually preceded by a potential due to the neurosecretory tract response and had an inflection on its rising phase I Cl. The inflection pre- sumably resulted from delayed propagation at the axon hillock region. By stimulation in the refractory period (Cl or during a hyperpolarizing pulse applied through the recording electrode (B, Dl, the second or soma component could be made to fail, leaving only the response due to the initial part of the axon. The spikes were about 5 msec in duration, similar to those of the neurosecretory cells in the skate. Generally they wcrc~ followed by :I l~rolongcrl tmfic~r-shoot, but, as this characteristic was not present in all cells, its occurrence may liavcb been a result of injury.
As discussed with respect to the skate, the initial segment in inotoneurons appears to have a lower threshold than the soma membrane (Coombs et rtl. 1957; Fuortcq et al., 1957) . In the neurosecretory cell of the fluke, however, the initial part of the axon was little, if any, more excitable than the soma. This property may be inferred from Figs. 9A and 9B, where the level at which a synaptically evoked spike arose was very close t.o that at which the soma component of the antidromic spike arose from the axonal component. If the thrcshold of the axon had been lower, the synaptically evoked spike would have started from a lower level than the soma romponent of the antidromic spike. Thus, the delay of antidromic invasion at the axon hillock was solely a result of the enlargement, as was originally thought true of the motoneuron (Eccles, 1957) .
Further details of the excitati,on process are seen in Fig. 10 where thq levels. for direct and synaptic activation and for antidromic invasion are compared. With a brief threshold depolarizing pulse the latencies were very long, and two firing levels could be defined, the level where the rising phase became rapid and the somewhat. lower level from which the potential either rose slowly to fire, or fell slowly back to the resting level (A, dotted lines). The same course of excitation could be seen with synaptic stimulation (Bl, the potential continuing to rise slowly before the rapid phase began well after the peak of t.he p.s.p. (D, arrow) .
When antidromic invasion occurred during a hyperpolarizing pulse, no slow rising phase and lit.tle delay could be produced with even the most careful adjustment of pulse strength. The level where the rapid rise began was, however, the same as that with synaptic and direct excitation. The absence of a slow rising phase and long delay were a result of t.he hyperpolarizing current continuing beyond the peak of the axonal component; the current during this time made the membrane very unstable in dicated by Sntidromic Stimulation. The the threshold potential region. When the responses of the neurosecretory cells to hyperpolarizing pulse ended before the antidromic stimulation often had the unpeak of the axonal component, a considusual property that they could have quite erably longer delay of ant,idromic invasion variable latencies. While the responses to was possible (Fig. 11B) . A slow rising strong stimulation had latencies correphase could then be seen preceding the sponding to the conduction velocity of the rapid rise, although here somewhat obtract response (Fig. 8) Upper trace, intracellular polarizing current; lower trace, intracellular potential. Several superimposed traces in each record. A: Direct stimulation by a brief threshold pulse. The potential could remain at the level at the end of the pulse and then rise or fall slowly. The rise became rapid at the level of the upper dotted line. B: Synaptic activation, stimulation 4mm rostrally. The rapidly rising part of the spike began at the same level as for direct stimulation. The preceding slowly rising phase continued well after the peak of the p.s.p. as shown in D (arrow). C: When an antidromic spike was evoked during a hyperpolarizing pulse, little delay of invasion could be obtained. The potential either rose rapidly or fell from the level where the rapid rise began on direct and synaptic activation. D: Increasing hyperpolarization delayed, then blocked, the synaptic spike showing the early peak of the p.s.p. (arrow, recorded at lower gain). gated back out the axon, as seen by its block of a second antidromic spike. It was less easy, however, to produce delays than it was with direct or synaptic stimulation. Probably there was active repolarization during the falling phase of the axonal component of the spike which tended, like hyperpolarization, to make the membrane potential of the soma more unstable.
Properties of the Axon Terminals as Inthat they were initiated at some sit.e in the axon terminals in or near t.he urohypophysis and that the delay was due to very slow conduction velocity in these structures. They could not be evoked by stimulation rostra1 to the urohypophysis and were distinct from the synaptically evoked spikes, also of long latency, in that they were not associated with postsynaptic potentials in the cell bodies.
The antidromic latency in a cell usually assumed several more or less discrete values between which it jumped in an all-ornone fashion, suggesting several different sites of impulse initiation. In Fig. 12A slightly and then jumped to a smaller value (C). At the strength in C the latency could be either long or short. A much greater increase in the st,imulus produced a further gradual shortening of latency and then a second but smaller all-or-none jump (D 1. Between A and B the cell began to dcteriorate markedly and a constant hypcrpolarizing current was applied to maintain the spike height. The antidromic latcncie5 in B and C, however, were identical to those in A. As might be expected with cxt.ernal stimulation, rcvcrsal of stimulus polarity usually altered the latencies that the antidromic responses could assume. The results of paired antidromic stimulation were also consistent with the hypothesis of impulse initiation at, several dist'inct, sites. The refractory period foi initiation of a second antidromic impulse was usually shorter than the interval at which invasion of the soma failed, but, the occurrence of t,he axonal component of the spike was adequate to establish that a second impulse had been evoked (cf. Fig.  9C ). In a typical experiment the refract,ory period was only slightly greater with paired weak stimuli of the strength producing long latency responses than it was with paired stronger stimuli of strength adequate to produce short latency responses (Figs. 13B, 13G ). Usually there was very little increase in latency just before the second response failed (G), but sometimes the latency to a second strong stimulus could have either the short or the long value (B, C). When a second weak stimulus was given at a somewhat greater interval than the refractory period, the latency in many cells jumped to the value for the stronger stimulus (E, F) indicating a supernormal period in the part of the axon where the short latency response arose.
The question may be raised as to whether the long antidromic latencies were due to slow uniform conduct.ion or to delays at low safety factor regions, such as might occur at branch points in the terminals. This problem was investigated by observing the effect of a spike initiated directly in the soma on a succeeding antidromic response. The response to an antidromic stimulus should be blocked following a direct spike for an interval equal to the time required for the impulse to reach the site of antidromic stimulation plus the refractory period at that site. The refractory period should be equal to that for paired ant,idromic stimulation and subtracting should give the orthodromic conduction time. If the orthodromic conduction t,ime were equal to the antidromic, it would be likely that the conduction velocity were equal and uniform in the two directions.
In fact, in most instances the blocking period of a direct spike on a succeeding antidromic response was near or slightly less than the sum of the antidromic conduction time and the refractory period for paired antidromic stimulation, implying near equality of the conduction times (Figs. 13D, 13HJ . Thus, the long latency appeared to be mainly due to a slow conduction velocity. In the few instances where the blocking time was significantly shorter than calculated, the antidromic impulse probably was delayed at some point of low safety factor along the axon. The existence of such points is discussed in the next section.
While the length of the terminals is unknown, the widt.h of the urohypophysis (0.5 mm) may be taken as an approximation. A conduction time in t.he terminals of 10 msec thus indicates a conduction velocity of the order of 0.05 m/see. spread electronically from the xoma rna~ block antidromic propagation at thesca points.
A not uncommon response nau like that illustrated in Fig. 14A Fig. 10 ). C : Superimposed records of expanded sweeps with hyperpolarization as in 9. There was an inflection on the rising phase of the component that failed, presumably due to delay in the axon hillock region, block occurring at a more distal point.
right at the electrode, but must have been initiated a short distance away where the depolarization produced by the invading impulse was greater. It had an additional inflection on its rising phase (Cl, which probably resulted from delay at the axon hillock, the block occurring at a more distal point. This result, is not dissimilar to the finding in some motoneurons of the cat that with increasing hyperpolarization or refractoriness the initial segment may fail to be excited by the first node before invasion of the soma fails (Fuortes et al., 1957) .
With increase in hyperpolarization beyond t,hat adequate to prevent invasion of the cell body, a level was often reached where a further slight increase in polarization caused a virtually complete block of the remaining axonal component. This block usually required less hyperpolarization with responses of longer latency in spite of their being initiated farther from the soma, where the hyperpolarizat,ion was being applied (Fig. 15) . However, the block appeared to result not from preventing the initiation of the longer latency responses, but rather of preventing their propagation across some more proximal point in the axon. The st.ronger stimuli either facilitated conduction across this point or initiated impulses still more proximally.
Evidence for block of a long latency response proximal to its site of initiation is shown in Fig. 16 . Hyperpolarization did not block the axonal component completely ; only a small potential remained, however, indicating that the block was far from the soma (F). A slight shortening of the pulse that in B was adequate to block t'he response allowed invasion nearer the soma I,CJ , although the hypcrpolarization was unchanged at the time of antidromic stimulation and for more than 10 msec afterwards.
Block of the response did not prevent refractoriness to a second stimulus which by itself would have resulted in at least the axonal component of the spike (D; cf. C).
On several occasions the antidromic responses were observed to show a stepwise increase in latency when the soma was hyperpolarized. This result was probably due to block of the shorter latency response near its site of initiation without block of conduction of the more distantly initiated impulse. The smaller (graded) increases in latency that were observed (cf. Fig. 15B,) would have been due to reduced conduction velocity as a result of the hypcrpolarization electronically spread into the axon. The hyperpolarization would also have effected the gradual reduct,ion in amplitude of the axonal response by a grndual decrease in the limit of invasion (cf. Fuortes et al., 1957) .
Responses in the :Veurosecretory Cell ilxnns. Spikes ascribable to the neurosecretory axons were rather smaller and more diverse in form than those in the cell bodies. They were usually about the same duration as soma responses but lacked undershoots.
In view of the small axonal diameter, they were recorded with surprising frequency and injury was no doubt common. The responses of fibers were characterized in either of two ways as in the skate. In the experiment of Figs. 17A-17C the spikes that were elicited by rostra1 stimulation could be identified as synaptically evoked by their long and variable lat.ency which contrasted with the shorter and constant latency of the tract response simultaneously recorded by the same electrode. No p.s.p.'s were observed, however. In Fig. 18 of the neurosecretory cells. As well as being of similar duration to t,he soma spikes, they had appropriate conduction velocities and patterns of response to rostra1 and caudal stimulation.
Brief, rapidly conducting spikes characteristic of myelinated fibers could be recorded from ventral roots, but were not found in the cord posterior to the third vcrtebrum rostrally. As in the case of myelinated fibers (cf. Fig. 4) Stimulation 6mm rostra1 to the recording site and 2 mm caudal which was over the urohypophysis.
A: The rostra1 stimulus preceded the caudal. The fiber was refractory to the second stimulus. The response to rostra1 stimulation was identified as direct because there was little change in latency with stimulus strength, and the latency was short compared to the usual synaptically evoked responses. The latency was close to that of the tract response to the stimulus which can be seen in C and D (order of stimulation reversed). B: Hyperpolarization could cause a second component of the rostra1 response to fail. When this component failed, a response to the caudal stimulus occurred indicating that propagation across the recording site had been blocked (superimposed traces with and without the second component). C and D: As in A and B, but with order of stimulation reversed. The response to caudal stimulation must have been direct because of its short latency. two components. In Fig. 18 the response to each stimulus left the fiber refractory to a following stimulus on the other side of the recording site (A, C). When hyperpolarization was applied adequate to block the second component of the earlier response, the ensuing stimulus was able to evoke a spike 03, D).
The block of conduction along a fiber could sometimes be used to determine the direction in which an impulse was traveling. In Fig. 17 the synapt.ically evoked spike (C) was blocked when preceded (E) by a long latency response to stimulation over the urohypophysis (D) . The response to the caudal stimulus could not be determined to be antidromic by the site of stimulation alone (cf. Fig. 20) , and its latency was consistent with either synaptic or ant,idromic origin. However, when its propagation was prevented by hyperpolarization as denoted by failure of its second component (F) it no longer blocked the synaptic response. It must therefore have arisen on the opposite side of the recording site from where the synaptic spike arose, and have been antidromic in origin.
Properties of the Presynaptic Fibers. Stimulation of the cord five segments rostra1 to the urohypophysis, which was well beyond t.he neurosecretory cells, still evoked a p.s.p. in them (Fig. 19C) , suggesting t.hat the presynaptic pathway descended from an anterior part of the nervous system. An approximate value for the conduction velocity in the pathway could be obtained by stimulating at two sites a measured distance apart and determining the difference in latency of the p.s.p.'s. This value, 4.5 m/set for the experiment of Fig. 19 A: Synaptically evoked spike from stimulation I1 mm rostra1 to recording site. B: Same site of stimulation, recording at higher gain to show the latency of the p.s.p. C: Stimulation 24 mm rostrally which was five segments rostra1 to the urohypophysis, recording at the higher gain. The latency was increased by an amount corresponding to a presynaptic conduction velocity of 4.5 m/set. up to 10 ul,/se'c iu other cxl)erilrlerlts, relirescnte the velocity in the most rapidly conducting elements. The irregularities that could occur during the p.s.p.'s (cf. Fig. 9 ) might have been due to contributions from later arriving impulses.
Many, if not all, of the axons which ended on the more rostra1 cells ran farther caudally, probably also ending on the more caudal cells. This aspect of the innervation is shown by the interaction of p.s.p.'s which could be evoked bv stimuli both caudal and rostra1 to a given cell (Fig.  20) . At short intervals whichever postsynarrows 1 Tlicsc~ small l'otenti:ils were lncsumably due to tonic activity in one or :I fen piesynaptic fibers. Intravenous injcction of distilled water caused a great incrcahc in the synaptic activity, resulting in irregular firing (B, 1.5 minutes after inject,ion of 4 cc distilled water 1. The increase in p.s.p.'s was particularly obvious when t,he ccl1 was t~ypcrl~olarized sufficiently to prevent firing (D 1. The intervals between spikes were quite irregular (B, C, E, F) as distinct from the highly uniform discharge in response to injury.
The threshold blood dilution for the re- A: Response to stimulation 2.5mm rostra1 to the recording site. Superimposed traces showing a synaptically evoked spike and its block by hyperpolarization revealing the early peak of the p.s.p. B-I: In addition t,o the rostra1 st8imulus, one was given over the urohypophysis 3.5 mm caudal to the recording site. This stimulus resulted in a p.s.p. which was superimposed on the tract response of the neurosecretory axons. A constant hyperpolarizing current was passed to block impulse generation. Superimposed traces show baseline, first stimulus alone, and first and second stimuli together. In B-F the rostra1 stimulus preceded the caudal; in G-I the stimuli were in the opposite order. At the longer stimulus intervals the p.s.p.'s summed. At the shorter intervals the second 1~s.p. was greatly reduced. In F only the triphasic tract response appeared to occur in response to the caudal stimulus. apOic potential was second was greatly reduced (F, G). However, when the interval between stimuli was greater than about 5 msec the p.s.p.'s summed without significant reduction in amplitude of the second (B, C, I; note the triphasic tract response superimposed on the p.s.p. due to caudal stimulation).
The physiological role of the caudal neurosecretory cells remains somewhat obscure, but is apparently involved in osmoregulation (Enami, 1959 ; Bern and Takasugi, 1962) . In many cells there were seen at high gain small potentials close to the noise level, but nevertheless in duration of the same order as the p.s.p.'s (Fig. 21, sponse has not as yet been determined. Assuming 57% blood volume, the average dilution in the experiment of Fig. 21 was about lo%, but the rate of mixing with the blood and with other body fluids is prob-, lematical. Injections of hypertonic NaCl: solutions had no effect, at least on quiescent cells.
DISCUSSION
The caudal neurosecretory cells in the fluke have definitely been found capable of producing action potentials and of being synaptically activated. With somewhat less reliability because of their anatomical situation the caudal neurosecrctory cells of the skate can be said to have similar properties. In the fluke impulses were initiated by the injection of hypotonic solutions, apparently physiologically through increased activity of the presynaptic fibers. The impulses would have been propagated to the region of the terminals, but direct evidence that the cells' electrical activity resulted in secretion of neurohormone was not obtained.
The origin of the presynaptic fibers is unknown, but since they lie anteriorly in both fluke and eel (Morita et al., 1961) encephalic center might be expected. This center would be activated by enteroreceptars for the physiological stimulus and, indeed, might contain or consist. of them. The quest,ion of interneurons in the descending pathway is also not resolved. The presynaptic conduction velocity in the Ruke was sufficiently rapid to suggest small myelinated fibers, and the results shown in A number of obvious controls on the presumed physiological activation by hypotonic solutions have yet to be performed. If there is an encephalic control center a rostra1 spinal section should block the response, and sensitivity to locally applied solutions should be absent. Generalized neuronal activation should also not occur. It is already clear from the great. increase in synapt,ic activity that the response was at least primarily mediated by presynaptic fibers rather than by direct sensitivity of the neurosecretory cells themselves (Fig.  21) . In addition the absence of antidromic firing (Fig. 21D) demonstrates that, the neurosecretory axons were not particularly sensitive to the hypotonic stimulus.
The precise nature of the stimulus has also to be determined. It is not clear whether activation resulted from reduction in osmotic pressure or in the concentration of any specific blood constituent. Activation by hypotonic solutions is the opposite from that which would be predicted from the results of Bern and Takasugi (1962) . These workers compared normal and urohypophysectomized individuals of a fresh water species on immersion in hypertonic solutions. The operated animals showed greater mort,ality, weight loss, and increase in blood chloride concentration.
Apparently in this form t,he hormone tends to maintain or decrease blood concentration against an abnormal inward concentration gradient.. A decrease in permeability or increase in active transport, would be required. In the fluke the hormone presumably tends to increase blood concentration in the normal, marine environment, which is down a concentrat,ion gradient. This effect could result simply from increased permeability leading to increased passive movement.
The clectrophysiological properties of the neurosecretory cells are well adapted to tonic activation which is probably the normal mode. There is very little accommodation as indicated by the long latencies to brief stimuli (Figs. 5, lo) , and by the prolonged low frequency injury discharges that. were often observed. One spccialization that, occurs in motoneurons, that of having a low threshold init'ial segment rcgion, was not found in the neurosecretory cells, at least those of the fluke (Figs. 9,  10 ). The proposed function in motoneurons of this property, to assure averaging of somatic and dendritic p.s.p.'s (Coombs et nl., 19571, would not be important, however, since the dendrites of the ncurosecretory cells are quite short and the synapt,ic input probably all of one type. The failure to observe antidromic spikes in the skate neurosecretory cells may have been a result of the shortness of t,he axons as well as of there being no great difference in cxcitahility between axon and soma.
of tlic low firing frequency of the cells ( Fig. 21 ; cf. Eccles, 1957'1. Even at the estinlatcd conduction velocity in the tcrminals, impulses could propagate the entire length of the animal in a matt,er of seconds so that the slowness would not introduce delays significant for an osmoregulatory fun&on. The elect.rical activity of the terminals certainly requires further study. Thus far in the fluke, no more than very small externally recorded spikes have been obtained from the urohypophysis itself. It might be more practical to obtain intracellular recording from t,he terminals in a species where they are relatively large (cf. Bern and Takasugi, 19621.
The low safety factor points for antidromic propagation along the axon do not have an obvious anatomical basis. One such point might have occurred at the junction between urohypophysis and spinal cord where there is a marked cytological and, perhaps, electrophysiological diffcrentiation. However, little hyperpolarization could have reached this point from the cell bodies of the more rostra1 cells in which the axonal block of propagation was obtained (cf. Fig. 151 . The safety factor along the axon could be reduced, like at the axon hillock, by an enlargement of t.he membrane such as clue to branching or an accumulation of secretory product. On the ot,her hand, the secretory product might increase the axoplasmic resistance. An accumulation could then hinder local circuit propagat,ion by reducing the intracellular longitudinal action current. This result would be analogous to the slowing or block of propagation in a nerve fiber that can be produced by increasing the resistance for flow of external current (Hodgkin, 1939; Tasaki and Frank, 19551. 
